Dual-mode Resonator 
Technical Field 

[0001] The present invention relates generally to the field of filters and, in 
particular, to a dual-mode resonator for use in, for example, a cavity filter. 

Background 

[0002] Wireless telecommunications systems transmit signals to and from wireless 
terminals using radio frequency (RF) signals. A typical wireless system includes a 
plurality of base stations that are connected to the public switched telephone network 
(PSTN) via a mobile switching center (MSC). Each base station includes a number of 
radio transceivers that are typically associated with a transmission tower. Each base 
station is located so as to cover a geographic region known colloquially as a "cell." 
Each base station communicates with wireless terminals, e.g. cellular telephones, 
pagers, and other wireless units, located in its geographic region or cell. 

[0003] A wireless base station includes a number of modules that work together to 
process RF signals. These modules typically include, by way of example, mixers, 
amplifiers, filters, transmission lines, antennas and other appropriate circuits. One type 
of filter that finds increased use in wireless base stations is known as a microwave 
cavity filter. These cavity filters include a number of resonators formed in a plurality of 
cavities so as to provide a selected frequency response when signals are applied to an 
input of the filter. 

[0004] One type of resonator structure used in these cavity filters is the dual-mode 
resonator. The use of dual-mode resonators allows a given filter function to be realized 
with a smaller size than conventional single mode resonators. Unfortunately, current 
dual-mode resonators suffer from one or more of various problems. First, many dual- 
mode resonators are difficult to manufacture due to the shape of the resonator structure, 
e.g., spherical structures. Further, other dual-mode resonators are too bulky for specific 
applications. Other problems with existing structures relate to poor heat transfer, 
limited bandwidth, and difficulties in placing tuning members on the structure. 
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[0005] For the reasons stated above, and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for an improved dual-mode resonator. 

Summary 

[0006] The above mentioned problems with dual-mode resonators and other 
problems are addressed by embodiments of the present invention and will be understood 
by reading and studying the following specification. Embodiments of the present 
invention provide a dual-mode resonator that has a cross-like shape and is fixable 
directly to a surface of an enclosure. In some embodiments, all tuning elements of the 
dual-mode resonator are provided in the same surface of the enclosure. In some 
embodiments the shape of the dielectric body is a cross and in other embodiments, the 
shape is an "X" shape. Further, in some embodiments, tuning grooves and tuning 
elements are positioned proximate the dielectric body to provide coupling between the 
modes. In some embodiments, a recess is provided in the bottom of the resonator to 
improve spurious properties. 

[0007] More particularly, in one embodiment a TE dual-mode resonator is 

provided. The TE dual-mode resonator has first and second modes. The resonator 
includes an enclosure having a cavity with an interior surface. The resonator further 
includes a dielectric resonator body, having a central portion with a plurality of 
members extending outwardly from the central portion. The dielectric resonator body is 
coupled directly to the interior surface. 

Brief Description of the Drawings 
[0008] Figure 1 is a perspective view of one embodiment of a filter including 

dual-mode resonators according to the teachings of the present invention. 

[0009] Figure 2 is a graph that illustrates a sample of a frequency response for 

the filter of Figure 1 according to one embodiment of the present invention. 

[0010] Figure 3 is a top view of another embodiment of a dielectric resonator 

body according to the teachings of the present invention. 
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[0011] Figure 4 is a top view of another embodiment of a dielectric resonator 

body with a mode tuning member according to the teachings of the present invention. 

[0012] Figure 5 is a top view of another embodiment of a dielectric resonator 

body with coupling grooves according to the teachings of the present invention. 

[0013] Figure 6 is a top view of another embodiment of a dielectric resonator 

body with, a mode tuning member and coupling grooves according to the teachings of 
the present invention. 

[0014] Figures 7A and 7B are side and top views, respectively, of an 

embodiment of a dielectric resonator body with a partially angled top portion according 
to the teachings of the present invention. 

[0015] Figures 8 A and 8B are side and top views, respectively, of an 

embodiment of a dielectric resonator body with a partially angled bottom portion 
according to the teachings of the present invention. 

[0016] Figure 9 is a side view of another embodiment of a dielectric resonator 

structure according to the teachings of the present invention. 

[0017] Figure 10 is a perspective view of another embodiment of a dielectric 

resonator structure according to the teachings of the present invention. 

Detailed Description 
[0018] In the following detailed description, reference is made to the accompanying 
drawings that form a part hereof, and in which is shown by way of illustration specific 
illustrative embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be utilized and that 
logical, mechanical and electrical changes may be inade without departing from the 
spirit and scope of the present invention. The following detailed description is, 
therefore, not to be taken in a limiting sense. 

[0019] Embodiments of the present invention provide improvements in dual-mode 
resonators. These dual-mode resonators are used in, for example, cavity filters for 

Attorney Docket No. 100.201US01 3 



wireless telecommunications networks. The dual-mode resonators of the various 
embodiments include a dielectric resonator body having a pair of crossing members. 
Each of the embodiments described below provides various features and advantages that 
are distinct from existing dual-mode resonators. 

[0020] Figure 1 is a perspective view of one embodiment of a filter, indicated 
generally at 100, including dual-mode resonators, 102-1, and 102-2 according to the 
teachings of the present invention. Filter 1 00 is a 4-pole dual-mode filter. Dual-mode 
resonators 102-1 and 102-2 are constructed in a similar manner. Therefore, only the 
dual-mode resonator 102-1 is described in detail. 

[0021] Dual-mode resonator 102-1 includes resonator body 1 . In one embodiment, 
resonator body 1 comprises a pair of members that cross at a midpoint of each member 
as shown in Figure 1. In one embodiment, resonator body 1 works as two half cut TE 01 
resonators. In other embodiments, the crossing members form other shapes such as 
shown and described below with respect to Figures 3, 4, 5, 6, 7 A and 7B, 8 A and 8B, 9 
and 10. 

[0022] Resonator body 1 comprises a low loss dielectric material. For example, in 
one embodiment, resonator body 1 comprises a ceramic or other dielectric material with 
a dielectric constant (Er) between 36 and 45. These kinds of materials include, for 
example, 4500 series ceramic material from Trans-Tech, Inc., Adamstown, MD or 
K4500 ceramic material from EDO Electro-Ceramics, Salt Lake City, UT. These 
materials have good loss properties. In other embodiments, materials are selected with 
a dielectric constant that is suited to the particular application. 

[0023] In one embodiment, resonator body 1 is pressed from an appropriate 
material, e.g., an appropriate ceramic material. Thus, the shape of resonator body 1 
provides the advantage of ease of production by allowing the resonator body to be 
formed by a simple pressing function. In other embodiments, resonator body 1 is 
formed using additional machining steps to achieve a desired shape and structure. 

[0024] Resonator body 1 is attached on interior surface 22 of cavity 3 of enclosure 
20. This direct connection, to enclosure 20 provides improvement in heat dissipation for 
filter 100. In one embodiment, enclosure 20 is formed from a conductive material, e.g., 
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a metal. Resonator body 1 is attached, in one embodiment, by a low loss dielectric, e.g., 
plastic, screw 2. In other embodiments, resonator body 1 is attached using low loss 
adhesive or soldering with silver sintering on the bottom of resonator body 1 . In other 
embodiments, resonator body 1 is coupled to a separate metal or metalized support or a 
thin low loss dielectric support. Such support is coupled to surface 22 of enclosure 20. 
Enclosure 20 also includes conductive cover 1 1 on the top of cavity 3. 

[0025] Dual-mode resonator 102-1 includes an input connector 4 that is adapted to 
receive radio frequency (RF) signals for processing by filter 100. Input connector 4 is 
coupled by conductive coupling wire 6 to conductive coupling tap 5. Conductive 
coupling tap 5 is attached to surface 22 of cavity 3. Similarly, dual-mode resonator 
102-2 includes an output connector 40 that is adapted to provide a filter output signal 
from filter 1 00. Output connector 40 is coupled by conductive coupling wire 60 to 
conductive coupling tap 50. Conductive coupling tap 50 is attached to surface 22 of 
cavity 3. 

[0026] Dual-mode resonator 102-1 includes a mechanism for coupling the first and 
second modes. In one embodiment, the dual-mode resonator 102-1 includes mode 
coupling grooves 10 that cause an internal coupling to the second mode. In one 
embodiment, dual-mode resonator 102-1 also includes mode-tuning members 8. In one 
embodiment, mode-tuning members 8 comprise screws. In other embodiments, mode- 
tuning members 8 comprise a metal part that can be bent. Mode-tuning members 8 are 
used to fine-tune the internal couplings between the first and second modes. As 
depicted in Figure 4, other embodiments provide for coupling between modes using 
only mode tuning members 8. Further, as depicted in Figure 5, other embodiments 
provide coupling between modes using coupling grooves 1 0 only. As shown here in 
Figure' 1 and in Figure 6, some embodiments use both coupling grooves 10 and mode 
tuning members 8. 

[0027] Further, in some embodiments, dual-mode resonator 102-1 also includes 

frequency tuning members 7. In one embodiment, frequency taring members 7 

comprise screws. In other embodiments, frequency tuning members 7 comprise a metal 

part that can be bent toward or away from dielectric resonator body 1 . Frequency tuning 

members 7 fine-tune the resonant frequencies of the modes. In one embodiment, 
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frequency tuning members 7 are made from a conductive material or some high 
dielectric constant material or some composite structure. 

[0028] As shown in Figure 1, frequency tuning members 7 and mode tuning 
members 8 are formed on the same side of resonator body 1 and on surface 22 of 
enclosure 20. In other embodiments, tuning members 7 and mode tuning members 8 are 
selectively placed on any appropriate side of resonator body 1 and on any appropriate 
surface of enclosure 20. 

[0029] Dual-mode resonators 102-1 and 102-2 are coupled together to provide an 
appropriate frequency response for filter 100. For example, in one embodiment, filter 
100 has the frequency response of curve 104 of Figure 2. Dual-mode resonators 102-1 
and 102-2 are coupled together through opening 9 in enclosure 20. This is referred to as 
the "external" coupling of the two dual-mode resonators. In one embodiment, the 
external coupling is fine tuned by conductive screw 13. 

[0030] In one embodiment, resonator body 1 includes recess 12 on a bottom surface. 
Recess 12 shifts TM-mode spurious signals toward higher frequencies but does not 
have much effect on the dominant TE-modes. In one embodiment, a matching recess is 
also formed in surface 22 of enclosure 20. 

[0031] The resonance frequency of dual-mode resonator 102-1 is determined by a 
number of factors. These factors include: resonator shape, resonator size, cavity size, 
location of the resonator body in the cavity, the dielectric constant of the material used 
to fabricate the resonator body, and the positioning and operation of any tuning 
members. It has been determined that a resonator body functions appropriately when 
the height is approximately one-half of the width and the thickness of the members is 
approximately the width divided by 2.5. The exact dimensions for an implementation 
of dual-mode resonator 102-1 also depend on the specific use of the filter and the 
dimensions can be changed based on trade-offs with respect to Q value, size, spurious 
properties, and environmental matters. 

[0032] In some embodiments, the resonance frequencies of the dominant modes are 
different. This can be handled with tuning members 7. However, if a large difference 
in resonance frequency is required, the size and shape of the various members of the 
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resonator body can be varied to achieve the desired resonance frequency, e.g., length, 
thickness, shape. Further, a recess in the bottom of the resonator body can also be used. 

[0033] In operation, filter 100 filters a signal received at input connecter 104 using 
dual-mode resonators 102-1 and 102-2. The signal couples from tap 5 to a first 
frequency mode of resonator body 1 of dual-mode resonator 102-1. Coupling grooves 
10 and mode tuning members 8 cause the fields of the first and second mode to turn so 
as to couple the first and second modes. The frequency of signals passed by dual-mode 
resonator 102-1 is adjusted by frequency tuning members 7. 

[0034] The signal from dual-mode resonator 102-1 is coupled through opening 9 to 
dual-mode resonator 102-2. The signal is filtered and further passed to output connector 
40. 

[0035] It is understood that in this description that the term "conductive material" 
includes metals and metal plated material because at very high frequencies current flows 
in a very thin layer at conductor surface (inner surface of outer contact, outer surface of 
inner contact). This state is called the skin effect. For example, enclosure 20 operates as 
an outer surface. 

[0036] Figure 3 is a top view of another embodiment of a dielectric resonator body, 
300, according to the teachings of the present invention. In this embodiment, coupling 
between the first and second modes is accomplished without the use of coupling 
grooves or mode tuning members. In this embodiment, resonator body 300 has an "X" 
shape. This means that members 302, 304, 306 and 308 extend radially from central 
portion 3 10 in a manner such that the angle at the intersection of two adjacent members 
is not 90 degrees. In effect, this "turns" the fields enough to cause internal coupling 
without the use of the grooves or mode tuning members. It is noted that the coupling 
between modes increases the further the angle is from 90 degrees. 

[0037] Figure 4 is a top view of another embodiment of a dielectric resonator body, 
400, with a mode tuning member 8 according to the teachings of the present invention. 
In this embodiment, coupling between the first and second modes is accomplished 
solely through the use of mode tuning member 8, e.g., a metal screw. In this 
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embodiment, mode tuning member 8 is disposed in a location adjacent to an intersection 
between members 402 and 404 of resonator body 400. 

[0038] Figure 5 is a top view of another embodiment of a dielectric resonator body, 
500, according to the teachings of the present invention. In this embodiment, coupling 
between the first and second modes is accomplished solely through the use of mode 
coupling grooves 10. In this embodiment, coupling grooves 10 are formed at 
intersections between members 502 and 508 and between members 504 and 506 of 
resonator body 500. 

[0039] Figure 6 is a top view of another embodiment of a dielectric resonator body 
600 with a mode tuning member 8 and coupling grooves 10 according to the teachings 
of the present invention. In this embodiment, coupling between the first and second 
modes is accomplished through the use of mode tuning member 8, e.g., a metal screw, 
and coupling grooves 10. In this embodiment, mode tuning member 8 is disposed in a 
location adjacent to an intersection between members 604 and 606 of resonator body 
400. Coupling grooves 10 are formed at intersections between members 602 and 608 
and between members 604 and 606 of resonator body 600. Thus, tuning member 8 is 
disposed adjacent to one of coupling grooves 10. 

[0040] As shown in Figures 4, 5, and 6, tuning members and coupling grooves can 

be used, alone or together, to couple between the first and second modes. The use of 

tuning members allows the coupling to be adjusted. However, the tuning members also 

decrease the Q-vahie of the resonator. The groove coupling has a minor effect on the Q- 

vaTue but is not easy to tune. The combination of a tuning member with a coupling 

groove, e.g., as shown in Figure 6, provides the advantage of the reduced effect on the 

Q- value and the ability to fine-tune the coupling between modes. When a tuning screw 

is located at the same side of the resonator as the groove as shown in Figure 6, coupling 

increases when the screw becomes longer. When a tuning screw is located on the other 

side of the resonator body so that it is not located adjacent to the groove, coupling 

increases when the screw becomes shorter. When a metal part is used, the coupling is 

adjusted by bending the metal part toward or away from the resonator body. It is also 

noted that the effect of the tuning member is stronger the closer the tuning member is to 

the resonator body. In a specific application, the positioning of the tuning member is a 
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compromise between electrical (frequency or coupling) and mechanical (physical 
location) constraints. 

[0041] Figures 7A and 7B are side and top views, respectively, of a dielectric 
resonator body 700 with a partially angled top portion according to the teachings of the 
present invention. Resonator body 700 includes members 702, 704, 706, and 708 which 
extend radially from central portion 710. Each of members 702, 704, 706, and 708 
include a portion, 712, that is angled with respect to top surface 714 of central portion 
710. 

[0042] Angled portions 712 do not affect the dominant modes because their E-field 
has a half circular shape in this resonator. However, angled portions 112 shift the TM^- 
mode towards a higher frequency. This spurious TM^-mode can cause problems in the 
filter, even though there can be other spurious modes at lower frequency. The TM^ is 
more of a problem because it has much stronger coupling than other modes. 

[0043] Figures 8A and 8B are side and top views, respectively, of another 
embodiment of a dual-mode resonator, indicated generally at 800, according to the 
teachings of the present invention. In this embodiment, dual-mode resonator 800 
includes resonator body 803 that has an angled bottom. Specifically, resonator body 
803 has portion 802 that is formed at an angle with respect to surface 804 of enclosure 
806. In this embodiment, central portion 808 extends below bottom surface 802 of 
members 810, 812, 814, and 816. 

[0044] Figure 9 is a side view of another embodiment of a dual-mode resonator, 
indicated generally at 900, according to the teachings of the present invention. In this 
embodiment, resonator body 902 is separated from surface 904 of enclosure 906 by a 
selected distance. By placing resonator body 902 at a distance from surface 904, the 
resonance frequency is shifted to a higher frequency. Further, the Q value also 
increases. However, the dominant modes also shift closer to spurious modes. The 
resonance frequency can also be modified by modification of bottom 908 to include, for 
example, a recess to reduce the effect of the shift of the dominant modes toward the 
spurious modes. 



Attorney Docket No. 100.201US01 



9 



[0045] Figure 1 0 is a perspective view of another embodiment of a resonator body, 
indicated generally at 1000, and constructed according to the teachings of the present 
invention. Resonator 1000 includes central portion 1002 and members 1004, 1006, 
1008 and 1010 that extend radially from central portion 1002. In this embodiment, 
members. 1004, 1006, 1008, and 1010 form arcs that cross at central portion 1002. The 
shape of resonator 1000 improves electrical characteristics of the resonator, e.g., 
spurious properties. 

[0046] Although specific embodiments have been illustrated and described in this 
specification, it will be appreciated by those of ordinary skill in the art that any 
arrangement that is calculated to achieve the same purpose may be substituted for the 
specific embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. 
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